MEDICAL BINOCULAR STEREOMICROSCOPE 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a binocular medical stereomicroscope used in the 
medical field, especially for dental examination and dental treatment and, more 
particularly, to a medical binocular stereomicroscope for using an illumination unit as 
an illumination optical system and arranging the illumination unit in close proximity to 
an observation optical system to allow effective illumination even upon an undulated 
area. 

2. Description of Related Art 

Medical stereomicroscopes are widely used during dental examination, 
treatment or observation. When using a medical stereomicroscope for dental 
examination or treatment, the observation target is frequently a tooth or a root canal in 
which both usually have considerable ruggedness. Therefore, adequate brightness and 
field depth are required for obtaining a clear visual field. Particularly in a case where 
there is difference in height within a narrow field, a lower portion would be affected 
from a shadow of a higher portion; therefore, the creation of a shadow should be 
restrained as much as possible. Further, when a physician performs examination, 
treatment, or observation, a sufficient amount of space is required between a lower end 
portion of a medical stereomicroscope and the targeted affected area. 

An example of such medical stereomicroscope will be explained with reference 
to FIG.4. First, a structure of an inclined illuminator type microscope will be 
explained with reference to FIG.4 (a). An inchned illuminator type microscope 5 1 
shown in the figure allows illumination and observation of an observation target 55 
without having a common lens (primary objective lens) 54 shared by an observation 
optical system 52 and an illumination optical system 53. An illumination optical 
component comprising the illumination optical system 53 is attached at a bottom edge 
portion of a body tube 51a of the inclined illuminator type microscope 51 and is 


• 


arranged so that an optical axis 52a of the observation optical system 52 and an optical 
axis 53a of the illumination optical system 53 coincide at a surface of the observation 
target 55 in a manner shown in the figure when a plane including two optical axes 52a 
of the observation optical system 52 is viewed from the side. 

Regarding the relation between the optical axis 52a and the optical axis 53a 
with respect to a plane 57 including the two secondary lenses 56 comprising the 
observation optical system 52 of the inclined illuminator type microscope 51, the optical 
axis 53a of the illumination optical system 53 will not be inside a circle 58 when the 
diameter of the circle 58 is defined as the separated distance between the optical axes 
52a of the two observation optical systems 52a. Accordingly, the optical axis 52a and 
the optical axis 53a coinciding at the surface of the observation target 55 would form a 
large angle. 

Further, FTG.4 (b) is an explanatory view shov^dng a structure of a coaxial 
illuminator type microscope 59. The coaxial illuminator type microscope 59 shown in 
the figure allows illumination and observation of the observation target 55 having the 
common lens (primary objective lens) 54 shared by the observation optical system 52 
and an illumination optical system 60. The illumination optical system 60 is arranged 
inside of a body tube 59a of the coaxial illuminator type microscope 59 and arranged in 
a position for avoiding a variable magnification optical system 6 1 That is, the 
illumination optical system 60 has plural lenses including a prism 60b structured inside 
the body tube 59a, in which the prism 60b refracts an optical axis 60a for avoiding the 
variable magnification optical system 61 , and then the optical axis 60a coincides with 
the optical axis 52a of the observation optical system 52 at the surface of the 
observation target 55 via the primary objective lens 54. 

Regarding the relation between the optical axis 52a and the optical axis 60a 
with respect to the plane 57 including the two secondary lenses 56 comprising the 
observation optical system 52 of the coaxial illuminator type microscope 59, the optical 
axis 60a of the illumination optical system 60 will not be inside the circle 58 and will be 
refracted by the primary objective lens 54 in a direction toward the observation target 55 


when the diameter of the circle 58 is defined as the separated distance between the 
optical axes 52a of the two observation optical systems 52a. Accordingly, the optical 
axis 52a and the optical axis 53a coinciding at the surface of the observation target 55 
would form a small angle. 

In respect of the foregoing inclined illuminator type microscope, since the 
optical axis of the observation optical system and the optical axis of the illumination 
optical system form a large angle, the optical axis of the illumination system will be in a 
position forming a large angle wnth respect to the surface of the observation object and 
result to a problem of the creation of a large shadow upon a subject undulated portion 
(e.g. root canal) of the observation target when the optical axis of the observation 
optical system is positioned perpendicular to the surface of the observation target. 

Further, since the illumination optical component comprising the illumination 
optical system is externally attached to the body tube, the illumination optical 
component including a holder and the like will be exclusively required for the 
microscope and will be costly. 

In respect of the foregoing coaxial illuminator type microscope, since the 
optical axis of the observation optical system and the optical axis of the illumination 
optical system form a small angle, illumination could be performed without forming a 
relatively large shadow upon the subject undulated portion of the observation target. 
However, since the illumination optical system is structured within the same body tube 
as the observation optical system, the path of the optical axis of the illumination optical 
system will be complex, numerous components such as a prism, lenses or the like will 
be necessary and a problem regarding cost will be raised. Further, the light irradiated 
from a light guide transmitted through the prism and plural lenses would raise a 
problem where luminance will attenuate and have a negative influence upon visual field 
brightness. 


SUMMARY OF THE INVENTION 

For solving the foregoing problems this invention relates to an inclined 


illuminator type binocular medical stereomicroscope comprising: right and left 
observation optical systems, each having a plurality of lenses for observing an 
observation target; and an illumination optical system having an illumination unit for 
illuminating an object targeted for observation; wherein the illumination unit has an 
optical axis arranged inside a circle, the circle having a diameter connecting the optical 
axes of the right and left observation optical systems in a plane including at least the 
lenses of the right and left observation optical systems positioned closest to the 
observation target. 

Although the foregoing binocular medical stereomicroscope (hereinafter 
simply referred as "microscope") is an inclined illuminator type microscope, an 
illumination effect equaling to a coaxial illuminator type microscope could be obtained 
by disposing the illumination unit in close proximity to the observation optical system 
of the binocular microscope, by arranging the plane as including the prescribed lenses 
of the objective lenses of the observation optical systems positioned closer to the 
observation target, by disposing the optical lens of the illumination unit inside the circle 
on the plane where the line connecting the optical axes of the right and left observation 
optical systems serves as the diameter of the circle, and by coinciding the optical axis of 
the observation optical system and the optical axis of the illumination unit at the surface 
of the observation target. 

In other words, since the circle having the line connecting the optical axes of 
the right and left observation optical systems as the circle diameter is arranged on the 
plane including the prescribed lenses of the observation optical system positioned 
closest to the observation target, and since the illumination unit is disposed to enable the 
optical axis of the illumination unit to be inside the circle and coincide with the optical 
axis of the observation optical system at the surface of the observation target, the optical 
axis of the illumination unit and the optical axis of the observation optical system would 
be in close proximity with each other and form a small angle, and a portion of the 
observation target subject for observation could be effectively illuminated. 

Regarding the foregoing microscope, the magnification-changing form for the 


observation optical system should preferably be a zooming type. The observation 
optical system will not require an area larger than the size of the lens and the 
illumination unit could be disposed extremely in close proximity to the observation 
optical system by using a zooming type as the magnification-changing form for the 
microscope. 

It is an object of this invention to provide a medical binocular 
stereomicroscope for solving the problem of the large irradiation angle upon an 
observation target of an inclined illuminator type microscope, and the problem of 
structural complexity and light attenuation of a coaxial illuminator type microscope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the invention are apparent to those 
skilled in the art from the following preferred embodiments thereof when considered in 
conjunction with the accompanied drawings, in which; 

FIG. 1 is an explanatory view showing a structure of a microscope regarding the 
first embodiment; 

FIG,2 is an explanatory view showing the relation between an optical axis of 
an observation optical system and an optical axis of an illumination unit and is also a 
cross sectional view of II-II of FIG. 1; 

FIG.3 is an explanatory view showing a structure of a microscope regarding the 
second embodiment; and 

FIG.4 is an explanatory view showing an illumination system of a conventional 
inclined illuminator type microscope and an illumination system of a conventional 
coaxial illuminator type microscope. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following embodiment, the medical binocular stereomicroscope 
regarding this invention will hereinafter be described as a microscope used for dental 
use. FIG. 1 is an explanatory view showing a structure of a microscope regarding the 



first embodiment. FIG.2 is an explanatory view showing the relation between an 
optical axis of an observation optical system and an optical axis of an illumination unit 
and is also a cross sectional view of II-II of FIG. 1 . FIG.3 is an explanatory view 
showing a structure of a microscope regarding the second embodiment. 

A structure of a microscope A regarding the first embodiment will be described 
with reference to FIG. 1 and FIG.2. The microscope A is used for dental examination 
and dental treatment in which the microscope A is brought close to a patient to observe 
and to examine an affected area, or to observe and treat an affected area. The 
microscope A is structured as a binocular microscope, and FIG. 1 is a cross sectional 
view where a plane including the optical axes la of two observation optical systems 1 is 
viewed perpendicularly from the side. 

The microscope /4 is comprised of the two observation optical systems 1 and an 
illumination optical system 2, in which each observation optical system 1 is disposed 
apart from each other at a distance required for a binocular microscope, and the 
illumination optical system 2 is disposed in close proximity to the observation optical 
system 1. Maintaining such disposition, each observation optical system 1 and the 
illumination optical system 2 are arranged in a body tube 3 comprising the microscope 
A, 

More particularly, although the microscope A is structured as an inclined 
illuminator type microscope, the microscope A serves to reduce the influence of 
shadows caused by the illumination optical system 2 created upon an observation target 
4 as much as possible, and enables to provide observation of the observation target 4 
equaling to that of a coaxial illuminator type microscope. Since a commonly sold 
component (an illumination unit 6 comprised of a fixing member 6a, a light guide 6b, a 
holder 6c, a condensing lens 6d and the like) is used as the illumination optical system 2, 
the problem regarding cost could be solved. 

The observation optical system 1 magnifies an observation target surface 4a, 
e.g. a root canal, of the observation target 4, e.g. a tooth, to a prescribed magnification 
for performing observation. The observation optical system 1 is comprised of a group 


of plural lenses including right and left secondary objective lens lb disposed closest to 
the observation target 4 and a prism Ic; further, a magnification-changing portion 5 of a 
zooming type is disposed between the secondary objective lens lb and the prism Ic. 

Typically, an objective lens disposed closest to the observation target 4 serves 
as a single primary objective lens including the optical axes la of the two observation 
optical systems 1 arranged left and right. However, since the microscope A and a 
microscope B of the first and second embodiment explained below are structured 
without a primary objective lens, the lens disposed closest to the observation target 4 
serves as the secondary objective lens lb. 

A prescribed lens disposed at the zooming type magnification-changing portion 
5 is handled externally by a dentist and is moved along the optical axis la so that 
magnification could be changed into a magnification most suited for observing the 
observation target surface 4a. Accordingly, in terms of the zooming type 
magnification-changing portion 5, the body tube 3 is formed as a tubular shape 
extending along the optical axis 2a so that no additional projecting portion will be 
required to be formed. 

Further, regarding the two observation optical systems 1 , the optical axes la are 
inclined inward between an ocular lens Id and the secondary objective lens lb, and are 
connected to form a focal point at the observation target surface 4a of the observation 
target 4 when viewed from either the left or right side of FIG. 1. 

The thus structured observation optical system 1 is a typical structure of a 
microscope comprised with the zooming type magnification-changing portion 5. 

The illumination optical system 2 functions to illuminate the observation target 
surface 4a of the observation target 4 and is comprised of the illumination unit 6, which 
is disposed and fixed to an illumination optical system retaining portion 7 formed at the 
body tube 3. 

The illumination unit 6 comprises: the fixing member 6a, e.g. a bolt, for fixing 
the illumination unit 6 to the body tube 3; the light guide 6b for guiding light from an 
external light source (not shown); the holder for securing the light guide 6b and the 


condensing lens 6d; the condensing lens 6d being arranged at a tip of the light guide 6b 
and serving to condense the light irradiated from the light guide 6b; and is a typically 
sold light source device. That is, the illumination unit 6 has no unique usages, and 
therefore is cost eflFective. It should now be noted that the holder 6c could also be 
separately structured at the light guide 6b and the condensing lens 6d in which a 
connecting member 6e such as a bolt or a bayonet having an attachable function could 
be formed for connecting means. 

The light guide 6b illuminates the entire surface of the observation target 
surface 4a to provide satisfactory observation, and has a predetermined illumination 
range and brightness. The light guide 6b is comprised of bundled optical fibers and is 
structured to irradiate the light from an external light source connected from one side. 

The condensing lens 6d functions to condense the light irradiated from the light 
guide 6b for illuminating the entire surface of the observation target surface 4a, is 
arranged in a predetermined distance at a front tip of the light guide 6b, and is secured 
by the holder 6c. 

The light guide 6b, the holder 6c, and the condensing lens 6d are determined 
with consideration of the focal distance of the observation optical system 1 and the 
condition of the observation target surface 4a of the observation target 4 in a state where 
the light guide 6b, the holder 6c, and the condensing lens 6d are combined to each other. 
For example, when the subject observation target surface 4a is defined as having a large 
area, the light guide 6b, the holder 6c, and the condensing lens 6d are determined by the 
combination capable of providing flood light for sufficiently illuminating the 
observation target surface 4a. 

The illumination optical system retaining portion 7 is structured from a hole 
formed at the body tube 3. The illumination unit 6 having a condensing lens 6d 
attached at a front tip portion of the illumination unit 6 is inserted into the illumination 
optical system retaining portion 7, and the illumination optical retaining system 7 is 
positioned to enable the condensing lens 6d to condense the light irradiated from the 
light guide 6b for illuminating the observation target surface 4a and is fixed by the 
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fixing member 6a. 

Therefore, the optical axis 2 of the illumination optical system 2 is defined by 
the arrangement and position of the illumination optical system retaining portion 7 with 
respect to the observation optical system 1 . Further, the arrangement of the 
condensing lens 6d of the illumination optical system retaining portion 7 has no 
particular restrictions as long as the condensing lens 6d is arranged in a position closer 
to the observation target 4 than the light guide 6b and is arranged to irradiate light over 
the observation target surface 4a. 

As shown in FIG.l, the illumination optical system retaining portion 7 is 
arranged as close as possible with respect to the two observation optical systems 1, is 
arranged relatively at the center of the two observation optical systems 1 when viewed 
from a lateral direction of FIG.l, and is formed in a manner piercing the body tube 3 in 
a vertical direction. More particularly, since the illumination unit 6 is formed 
relatively in a straight-linear manner, the illumination optical system retaining portion 7 
is formed as a straight linear hole piercing the body tube 3 so that the illumination unit 6 
could easily and smoothly be inserted. 

Nevertheless, the illumination optical system retaining portion 7 is not 
necessarily required to be a straight line and can be bent to a degree where the light 
guide 6b could be smoothly inserted when the illumination unit 6 is structured without 
the holder 6c. 

As explained above, since the illumination optical system 2 has a structure in 
which the illumination optical system retaining portion 7 is formed in a straight linear 
manner and the illumination unit 6 with the condensing lens 6d attached at its front tip 
is disposed at the illumination optical system retaining portion 7, neither a prism nor 
numerous lenses are required for the illumination optical system 2. Accordingly, the 
attenuation of light irradiated from the illumination unit 6 caused by a prism and 
numerous lenses will be little, and illumination could be efficiently performed. 

As shown in FIG.2, the illumination optical system retaining portion 7 
regarding this embodiment is formed for positioning a center (the optical axis 2a of the 
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illumination optical system 2) inside a circle 9 having the distance between the centers 
of the two secondary objective lenses lb (distance between the optical axes la) as its 
diameter and thus having each optical axis la included with respect to the plane 8 
including the secondary objective lenses lb, in which the secondary objective lenses lb 
are defined as prescribed lenses of the objective lenses of the observation optical 
systems 1 positioned closest to the observation target. 

The illumination optical system 7 has no particular restrictions regarding its 
angle, is defined so that the optical axis 2a will be positioned inside the circle 9 having 
the distance between each center of the two secondary objective lenses lb as its 
diameter with respect to the plane 8 including the secondary objective lenses lb of the 
two observation optical systems 1 , and is defined so that the optical axis 2a will 
coincide with the optical axis la at the observation target surface 4a when the optical 
axis la of the observation optical system 1 coincide with the observation target surface 
4a of the observation target 4 to form a focal point. 

Accordingly, regarding the illumination optical system 2 inserted into the 
illumination optical system 7, the optical axis 2a is arranged relatively at the center of 
the optical axes la of the two observation optical systems, and the extending line of the 
optical axis 2a would reach the observation target surface 4a of the observation target 4 
and coincide with the optical axes 1 a at the observation target surface 4a. 
Consequently, the optical axis la and the optical axis 2a shown in FIG.l form a small 
angle so that the influence of shadows from a top surface 4b could be reduced as much 
as possible even when the observation target surface 4a is recessed with respect to a top 
surface 4b of the observation target 4. 

Although the microscope^ is structured as an inclined illuminator type 
microscope having the illumination unit 6 of the illumination optical system 2 inserted 
into the illumination optical system retaining portion 7 formed at the body tube 3, the 
optical axis 2a of the illumination optical system 2 could be positioned extremely in 
close proximity to the optical axis 1 a of the observation optical system 1 , an 
illumination similar to that of a coaxial illuminator type microscope could be obtained 
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by positioning the optical axis 2a inside the circle 9 having the distance between the two 
optical axes la as its diameter with respect to the plane 8 including the prescribed 
objective lenses of the objective lenses of the observation optical systems 1 positioned 
closer to the observation target 4 (the secondary objective lenses lb), and the influence 
of the top surface 4b upon the observation target surface 4a of the observation target 4 
could be reduced even when the observation target surface 4a is in a recessed state with 
respect to the top surface 4b. 

The microscope B regarding the second embodiment will be explained with 
reference to FIG. 3. It should be noted that the portions and the functions similar to 
those explained in the first embodiment will be assigned with the same reference 
numerals, while omitting the explanations thereof. 

As shown in the figure, the microscope B regarding this embodiment has a 
same structure as the microscope A of the first embodiment except for the fact that a 
drum type magnification-changing portion 10 serves as the magnification-changing 
portion for the optical observation system 1 . The drum type magnification-changing 
portion 1 0 has a lens group 1 Oa through 1 Oc coaxially arranged for providing a 
predetermined magnification, and is structured to enable external control for selecting 
any lens from the lens group 10a through 10c. 

Accordingly, while observing the observation target surface 4a of the 
observation target 4, a dentist could rotate the drum type magnification-changing 
portion 10 and match a suitable lens group 10a though 10c with the optical axis of the 
observation optical system 1 for changing the magnification of the observation optical 
system 1. 

Also with the microscope B, the optical axis 2a of the illumination optical 
system 2 is positioned in close proximity to the optical axis la of the observation optical 
system 1, and is positioned inside the circle 9 having the distance between the centers of 
the secondary objective lenses lb (optical axis la) as its diameter and thus having each 
optical axis arranged along its circumference with respect to the plane 8 including the 
secondary objective lenses lb of the two observation optical systems serving as the 
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prescribed lenses arranged closer to the observation target 4. 

Accordingly, although the microscope B is structured as an inclined illuminator 
type microscope having the illumination unit 6 of the illumination optical system 2 
inserted into the illumination optical system retaining portion 7 formed at the body tube 
3 in the same manner as the microscope A, the optical axis 2a of the illumination optical 
system 2 could be positioned extremely in close proximity to the optical axis la of the 
observation optical system 1, illumination similar to that of a coaxial illuminator type 
microscope could be obtained, by positioning the optical axis 2a inside the circle 9 
having the distance between the two optical axes la as its diameter with respect to the 
plane 8 including the primary objective lens lb of the observation optical system 1, and 
the influence of the top surface 4b upon the observation target surface 4a of the 
observation target 4 could be reduced even when the observation target surface 4a is in a 
recessed state with respect to the top surface 4b. 

As explained above in detail, the optical axis of the illumination unit and the 
optical axis of the observation optical system would be in close proximity to each other 
and form a small angle, a portion of the observation target subject for observation could 
be illuminated effectively, and although the microscope regarding this invention is an 
inclined illuminator type microscope, an illumination effect equaling to a coaxial 
illuminator type microscope could be obtained by disposing the illumination unit in 
close proximity to the two observation optical system, arranging the plane as including 
the prescribed lenses of the objective lenses of the observation optical systems 
positioned closest to the observation target (such as the primary objective lens), 
disposing the optical lens of the illumination unit inside the circle on the plane where 
the line connecting the optical axes of the two observation optical systems serves as the 
diameter of the circle, and coinciding the optical axis of the observation optical system 
and the optical axis of the illumination unit at the surface of the observation target. 

More particulariy, structuring a complex optical system comprised of a prism 
and numerous lenses will be unnecessary, attenuation of light could be reduced, and a 
large reduction in cost could be achieved in comparison with the conventional 
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microscope by structuring the illumination optical system with an illumination unit 
comprised of a light guide, a holder, a condensing lens and the like. 

The cross sectional area of an observation optical system will not be required to 
be large by using a zooming type as the magnification-changing form for the 
observation optical system. Therefore, the illumination unit could be arranged 
extremely in close proximity to the observation optical system and improve illumination 
eflFect. 

The foregoing description of a preferred embodiment of the invention has been 
presented for purposes of illustration and description, and is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. The description was 
selected to best explain the principles of the invention and their practical application to 
enable others skilled in the art to best utilize the invention in various embodiments and 
various modifications as are suited to the particular use contemplated. It is intended 
that the scope of the invention not be limited by the specification, but be defined by the 
claims set forth below. 
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